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Abstract: The European Space Agency’s Huygens probe separated from the NASA Cassini spacecraft on 25 December 2004, after having been attached for a 7-year interplanetary 

journey and three orbits around Saturn. The probe reached the predefined NASA/ESA interface point on 14 January 2005 at 09:05:52.523 (UTC) and performed a successful entry and 

descent sequence. The probe softly impacted on Titan’s surface on the same day at 11:38:10.77 (UTC) with a speed of about 4.54 m/s. The official probe entry and descent phase 

reconstruction based on the estimated initial state vector provided by the Cassini Navigation team at JPL, the probe housekeeping data, and measurements from the scientific payload was 

performed by the Huygens Descent Trajectory Working Group (DTWG) and is published in Kazeminejad et al. (1997) [1]. A brief summary of the DTWG trajectory reconstruction results 

is presented and compared to other published reconstruction efforts. The impact of the recently updated and published Titan pole coordinates on both the entry and the descent trajectory is 

then analysed and presented: the main impact is a southward relocation of the Huygens landing site by about 0.3 degree. No major impact in the zonal direction is found (i.e., less than 0.01 

deg). The new planet pole coordinates provide a new estimation of the probe impact coordinates, 10.57 deg S and 167.68 deg W. A comparison of these coordinates to corresponding values 

resulting from estimations of reconstruction efforts based on visual and radar images of the Cassini instrument suite (C. Sotin, private communication) show excellent agreement of the two 

independently derived impact coordinates.
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Fig. 2: Huygens probe entry and descent trajectory reconstruction
strategy. The entry phase reconstruction is based upon the initial state 
vector and the measured probe decelerations and proceeds from the 
interface altitude in a downward direction. The descent phase 
reconstruction starts from the time of surface impact and proceeds upwards 
to the first measurements of pressure and temperature under the 
parachute.
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DTWG Trajectory

This is the official project reconstruction of the entry and descent trajectory 

performed in the framework of the Huygens Descent Trajectory Working Group 

comprising representative of all instrument Principal Investigators (PIs) as well 

as the Project Team [2]. This 3 Degree of Freedom (DoF reconstruction effort is 

based on science payload data from 5 of the 6 instruments and probe engineering 

house-keeping data and provides both a vertical (i.e., altitude and descent speed 

profile) as well as horizontal (longitude/latitude profile) trajectory including 

impact coordinates.  The input data used for that effort (see middle panel), the 

applied reconstruction methodology (see right panel), and results are summarized 

in [1]. The resulting entry and descent trajectory is considered the official project 

trajectory and archived in the ESA Planetary Science Archive and the NASA 

Planetary Data System [3].

HASI Trajectory

This reconstruction effort was performed by the PI of the Huygens Atmospheric 

Structure (HASI) Instrument using only the HASI instrument data in both 3DoF 

and 6DoF reconstruction efforts [4], [5]. The reconstructed attitude profile in [5] 

indicates that the Angle-of-Attack remains below 3.5 deg  during the entry phase. 

Sensitivity tests from [4] furthermore confirmed that a small AOA (< 4 deg) 

would have a negligible impact on the simulated trajectory, thereby supporting 

the simplification of an assumed AOA = 0 deg in [1]. The vertical trajectory is in 

good agreement with the DTWG trajectory. The horizontal trajectory is only 

provided for the entry phase (1250 – 150 km altitude) and show differences to the 

DTWG values lower than 0.244° in longitude and 0.079° in latitude (at 150 km 

altitude). No impact coordinates are published.

NASA Langley Trajectory

The NASA Langley reconstruction effort used the “Traditional Method” based on 

the atmospheric measurements and a 6DoF entry and 3DoF parachute trajectory 

simulator (POST2) with an Extended Kalman Filter (EKF) to filter the flight data 

[6]. Only vertical trajectory profiles are provided (i.e., no longitude and latitude 

profiles), therefore no official impact coordinates were published from this

reconstruction effort. 
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Fig. 1: The Huygens probe entry and descent sequence is divided into the pre-T0 timeline (entry 
phase) and the post-T0 timeline (descent phase). During the entry phase only the probe deceleration 
is measured by engineering and science accelerometers. During the descent phase 3 parachutes are 
deployed (pilot chute, main chute, and stablizing drogue) and all scientific instruments are switched 
on. 

Summary of Input Parameters & Reconstructed Impact Points

Table 1:Comparison of physical input parameters used for the DTWG Trajectory 
[1] and the new reconstruction.
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Fig. 3, Left panel: Horizontal difference of reconstructed probe entry phase altitude profile from [1] 
(black solid line) compared to the new reconstruction based on the updated Titan pole coordinates and 
dynamics (red dashed line).  

Fig. 3, Right panel: Horizontal difference of reconstructed probe entry phase altitude profile from [1] 
(black solid line) compared to the new reconstruction based on the updated Titan pole coordinates andy 
dynamics (red dashed line).  

New DTWG Trajectory with New Pole Coordinates

More recently images from the Cassini Radar instrument from two different flybys 

were used to reconstruct Titan’s Pole position and spin rate [8]. The new pole 

differs significantly (ca. 3.07 deg in RA and 0.51 deg DEC) from the one used for 

the DTWG reconstruction in (see Table 1).

The new parameters mainly affect the horizontal trajectory as shown by the residual 

longitude/latitude profiles of both entry and descent phase (see Fig. 3). 

A comparison of impact coordinates is provided in Table 2.

The reconstruction strategy using the listed input data is 

schematically shown in Fig. 2

Table 2: Comparison of probe impact points. The CASSINI VIMS coordinates
results from high resolution images of the Cassini Visual and Infrared 
Mapping Spectrometer and a comparison from DISR images [7]. 

The new trajectory based on the DTWG algorithm and adjusted 

physical constants as shown in Table 1 provide an impact point 

which is slightly shifted to the south with no significant change 

in longitude. A comparison of the impact site determined from 

Cassini VIMS and DISR images [7] to the DTWG landing site 

based on the new Titan physical constants shows excellent 

agreement, with a difference of less than 0.5 km in latitude and 

2.2 km in longitude. 

Summary


